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ABSTRACT

This study is concerned with the comparison of driven and screw piles when exposed to lateral forces
and the effects of gapping on stiffness and displacement.

Stiffness contributions were determined

from force-displacement profiles, gap depth formation curves, strain profiles, bending moment
profiles, and P-Y curves.

Driven piles were found to be about twice as stiff as screw piles at lower

displacements. At larger displacements, the stiffness of the two pile types start to converge. When
the piles are in full contact with the soil, stiffness contribution is derived from both the soil and the
pile. When gapping is exhibited, the soil stiffness contribution is minimized, increasing deflections.
Large initial displacements of the piles cause all subsequent forces to incur greater deflections in the
pile head than expected.

2

INTRODUCTION

Screw piles have a larger gravity and uplift capacity than driven piles.

The installation process for

driven piles is noisy, vibrates the ground, and requires a lot of equipment.

Screw piles are much

easier to install with less equipment, but they displace the soil during installation.

Stiffness is

dependent on three factors: the pile stiffness, the soil stiffness, and gapping. Gapping occurs when
the pile is displaced and the soil surrounding the pile is compacted such that when the pile returns to
its initial position, there is a gap between the pile and the soil. This gap changes the way that the
pile interacts with the soil, changing stiffness.
3
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SITE CHARACTERISATION

The site is located approximately 30 km north of Auckland, New Zealand, in a region noted on the
relevant geological map as part of the Northland Allochthon (Edbrooke, 2001). The surface and near
surface soils at the site are stiff clays, Liquid Limit (LL) 60% and Plastic Limit (PL) 31% with natural
water content towards the plastic limit. The soil conditions at the site were determined prior to pile
installation with Cone Penetrometer Test (CPT) soundings at the centerline location of each pile and
a borehole adjacent to the piles. Both CPT and borehole depths extended down to a depth of 8 m,
which was the approximate pile depth.

Bore hole cores and CPT interpretations using soil behavior

type index from Robertson and Cabal (2010) characterized the site as consisting of stiff silty clays
overlaying very weak mudstone.

The tip resistance and friction ratio from the CPT soundings of each pile, SP1, SP2, and SP3 are
shown in Figure 1. As the soil conditions at the site are fairly consistent, the CPT results for each
pile are similar, with an average tip resistance of 2 MPa for the top three meters and an average
friction ratio of 6-7% over the same depth.

Based upon interpretations from Robertson Robertson

and Cabal (2010) the average Young’s modulus of the soil for the top 3 m was approximated as
40 MPa. The large tip resistance apparent at SP1 from the ground surface to approximately 0.5 m
likely results from the presence of fill placed on site for the concrete driveway 3 m from the pile
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installation. The presence of this fill material into the test site was also identified from the borehole
log.

Figure 1. CPT profiles at center line of each test pile
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TEST SET UP

Twelve test piles were installed on site, all of which were 220 mm diameter hollow steel pipe with an
8 mm wall thickness capped lower ends.

Six driven piles (labeled P1-P6) and six screw piles

(labeled SP1-SP6) were installed to a depth of 7.75 m to achieve long pile behavior in which pile
deformation and rotation were restricted to an active length near the ground surface.
extended 1.25 m above ground with a free head condition.

The piles

Piles were installed in lines of three and

a minimum spacing of 4.0 m between piles in a given test group was maintained to minimize pile-to-
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pile interaction.

Steel billets were installed on top of each pile to bring the dynamic response of the

piles between 2-4 Hz (Tn = 0.25 to 0.5 s) which was within the frequency range of interest for the
size structures typically supported by piles of this size.

Piles P1, P4, SP1, and SP4 had

approximately 1.4 tons attached to the pile top while all other piles had 3.2 tons attached.

Soil was

excavated around the pile shaft to a depth of approximately 100 mm and filled with water. The
water was removed the day of testing to help maintain consistent water content between different pile
test set ups.

Figure 2. Site Layout of tests. P1-P6 refer to locations of driven piles and SP1-SP6 refer to locations of
screw piles
6

Figure 3. Schematic of test set up and typical instrumentation per pile. Acc: CoM = accelerometer at center
of mass, LVDT: CoM = LVDT at center of mass, LVDT: GL = LVDT at ground level, PG = portal gauge
extensometer.

Two portal gauges were attached to the outside of the piles opposite each other at ground level,
oriented in the direction of loading.

Strain was measured along the height of the pile above and

below the ground with strain gauges. Strain gauges below ground were encased inside a channel
that was welded to the exterior of the pile. At 0.25m and 0.5m above the ground, strain gauges were
attached to the perimeter of the pile at 90 degree angles such that the two strain gauges oriented in
the direction of loading would record maximum strain and the gauges perpendicular to the load would
record minimum stain.

Below the surface, strain gauges were attached to opposite sides of the pile

at depths of 0.25m, 0.5m, 0.75m, 1.0m, 1.25m, 1.5m, 1.75m, 2.0m, 2.25m, 2.5m, 3.0m, 3.5m, and
4m.

Displacements were measured from an independent reference frame with anchor points 2 m

from the pile center line to minimize interaction during dynamic response.

Horizontal displacement
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was measured with LVDT sensors at ground height, load height, and the center of mass.
Acceleration was measured with an accelerometer at the center of mass.

4.1

Loading Protocol

Static loading was achieved by displacing two adjacent piles towards each other with a hydraulic jack.
The hydraulic jack was attached to the piles at around 0.8 m above the ground surface. Exterior
piles were loaded in one directing while center piles were loaded in two directions. Table 1 shows
the loading sequence of each pile. There were two variations of the loading sequence. Driven and
screw piles (P1-P3 and SP1-SP3) were loaded incrementally from the smallest load up to the largest
load. The other half of the piles (P4-P6 and SP4-SP6) were initially loaded to 60 kN, then to 5 kN
and back up to 69 kN to determine the effects of large forces on subsequent pile stiffness.
SP5 and SP6 could only be loaded to 69 kN because the load cell ran out stroke.

Piles SP4,

After each load

step had been reached, a quick-release shackle was utilized to allow the piles to snapback and go into
free vibration.

Next, hammer hits and pushes were performed to obtain the natural frequency of the

pile. During hits, the shaft of the pile was hit with a hammer with all of one’s strength, three times
in a row.

Pushes were conducted by having a group of people push the shaft of the pile in unison,

three times.
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Table 1. Loading sequences for driven and screw piles.
Driven Pile

Loading Sequence (kN)*

Screw Pile

Loading Sequence (kN)*

P1

5, 10, 20, 40, 60, 80, 100

SP1

5, 10, 20, 40, 60, 80, 100

P2

5, -5, 10, -10, 20, -20, 40, -40, 60,
-60, 80, -80, 100, -100

SP2

5, -5, 10, -10, 20, -20, 40, -40, 60, -60,
80, -80, 100, -100

P3

5, 10, 20, 40, 60, 80, 100

SP3

5, 10, 20, 40, 60, 80, 100

P4

Not loaded

SP4

60, 5, 10, 20, 40, 60, 69

P5
P6

60, -60, 5, -5, 10, -10, 20, -20, 40,
-40, 60, -60, 80, -80
60, 5, 10, 20, 40, 60, 80

SP5
SP6

60, -60, 5, -5, 10, -10, 20, -20, 40, -40,
60, -60, 69, -69
60, 5, 10, 20, 40, 60, 69

*Negative values indicate that the pile was loaded in the opposite direction to the initial loading.
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5.1

TEST RESULTS
Response of Driven Piles

The displacement of piles P1, P2, and P3 at the centre of mass for each increasing load step is shown
in Figure 4. During the loading of P1 towards P2, there was an error in the load cell during the 60 kN
load step and no force was recorded. In the loading of P2 towards P3, no load cell readings were
recorded for the 40 kN load. Up to a force of 80 kN, a relatively constant stiffness is maintained.
After, a decrease in stiffness is observed as can be seen by the markedly different slope of the 100 kN
load in comparison to all other loads. It should be noted that the pile exhibits a linear forcedisplacement response when moving through the previous load step’s displacement (e.g. When pile
3 was loaded to 100 kN, displacement increased proportionally with force up until it reached the same
displacement as was achieved with the previous 80 kN load step). The pile presented non-linear
9

stiffness when displaced further than the previous load step’s displacement. This is most likely due
to the formation of a gap (figure 5) between the pile and the soil that is created as the soil on one side
becomes compacted as the pile is laterally loaded. As the pile is moved through the gap during the
next loading step, it doesn’t have consistent soil support along the length of the pile, reducing stiffness.
The displacement of pile 2 in two directions had little effect on the force displacement response in
comparison to the piles that were loaded in only one direction. Gapping was seen on both sides of
the pile as opposed to just one.

(a) P1

(b) P3
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(c) P2
Figure 4. Force-Displacement at center of mass for driven piles loaded with incremental increases in
loading

Figure 5. Gapping on one side of the pile

The force-displacement response of pile initially loaded with 60 kN of force can be seen in Figure 6.
These piles exhibited a different force-displacement response in comparison to piles with a start load
of 5 kN. When the initial 60 kN load was applied, the piles behaved non-linearly. This makes sense
as the pile was in full contact with the surrounding soil. Subsequent loads from 5 kN to 60 kN caused
a linear force-displacement response as a result from gapping. For these loads, it can be assumed
that primary stiffness came from the pile as opposed to the soil. When the end 60 kN load was
applied, the pile had the same end displacement as to when it loaded with 60 kN to start but followed
a linear force-displacement curve rather than a nonlinear one. Consequently, the two loadings have
11

the same secant stiffness values despite difference response curves. When loaded past the initial
start load, the pile showed decreased stiffness as it moved through the gap width, then increased when
the gap was closed.

(a) P5

(b) P6

Figure 6. Force-Displacement at center of mass for driven piles loaded with initial loading of 60 kN

The gap depth development for driven piles can be seen in Figure 7.
cantilever with a concentrated mass on top.

The pile was treated as a

Gap depth at the ground surface was calculated from

the manipulation of the natural frequency of the pile after each load step, shown in equations 4-1 and
4-2.

Stiffness was determined from the natural frequency and then the engaged-length of the pile

was back-solved from stiffness.

Gap depth was then determined as the difference in engaged-length

after each loading in comparison to the engaged-length of the pile prior to any loading.

𝑘 = 𝜛𝑛 2 𝑚

(4-1)
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3𝐸𝐼 1/3
𝐿= (
)
𝑘

(4-2)

A continual increase in the gap depth can be observed as the load is incrementally increased. When
loaded past 80 kN, the rate of increase of gapping is decreased.

This implies that there is a decrease

in stiffness, but the exact cause is unknown: pile yielding, soil yielding, or both.

The variances in

gap depths between P1, P2, and P3 and between P4 and P5 can attributed to the differences in the
mass attached to each pile. Piles loaded initially with 60 kN maintained a relatively constant gap
depth until the second 60 kN load was applied.

When loaded with 80 kN, gap depth increased.

During the initial 60 kN load step, the soil surrounding the pile was displaced such that the stiffness
for each subsequent load step up until the end 60 kN load was an effect of only the stiffness of the
pile and not the soil.

(a) piles with incrementally increasing load

(a) piles with initial load of 60 kN

Figure 7. Gap depth development for driven piles
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5.2

Response of Screw Piles

The force displacement of screw piles with incremental increases in loading is shown in Figure 8.
The screw piles behaved very similarly to the driven piles, having resembling force-displacement
curves for the lower load steps and then exhibiting a change in pile behavior for the highest load step.
The driven piles showed a change in force-displacement curvature after the 80 kN load step while the
screw piles exhibit this behavior after the 40 kN load step. The screw piles are much less stiff than
the driven piles.

After each round of testing with an increasing load, it took less force to displace

the pile as the soil around the pile gave way. When there is full contact between the pile and the
soil, the force-displacement behaviour follows a logarithmic curve as the soil surrounding the pile
deforms plastically.

When gapping starts to occur, the force-displacement behaviour is linear

because the pile alone contributes to the stiffness and acts elastically.

When the pile displaces

further than the gapping distance, coming back into contact with the soil at ground surface, the
behaviour becomes non-linear again.
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(a) SP1

(b) SP3

(c) SP2
Figure 8. Force-Displacement at center of mass for screw piles loaded with incremental increases in
loading

Force displacement response of screw piles with initial loading of 60 kN is depicted in Figure 9.
The piles behave nonlinearly during the starting 60 kN load step. There is a direct proportional
relationship between force and displacement for subsequent loads between 5 kN and 60 kN. The 80
kN load step shows linearity through the past load step’s displacement, then a decrease in stiffness as
the pile comes back in full contact with the soil. When SP5 was loaded towards SP4 during the 80
15

kN load step, the LVDT ran out of stroke prior to reaching the full 80 kN.

(a) SP5

(b) SP6

Figure 9. Force-Displacement at center of mass for screw piles loaded with initial loading of 60 kN

Figure 10 shows the gap depth response as load is increased for the screw piles. The gap depth
response of the screw piles behaved similarly to the driven piles.

Piles SP2 and SP3 had the same

amount of mass attached to the head and thus had similar gap depth responses. Piles SP4 and SP6
also had the same amount of mass attached. The piles supporting greater amounts of mass had
greater gap depths and increased the rate of gapping more quickly.

The piles initially loaded with

60 kN showed a constant gap depth up until the second 60 kN load was applied.

There was a slight

increase in gap depth from the 60 kN load step to the 69 kN load. The peak of gapping for SP5 at
the 10 kN test load increment is considered of little significance and was likely caused by an
instrumentation error.

16

(a) piles with incrementally increasing load

(b) piles with initial load of 60 kN

Figure 10. Gap depth development for driven piles
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DEVELOPMENT OF P-Y CURVES

The simple elastic beam theory was applied to each pile to obtain P-Y curves at various depths. The
theory states that lateral displacement, Y is the second integral of bending moment over the length of
the pile and soil reaction (P) is the second derivative of bending moment.

Having strain

measurements along the length of the pile, the experimental bending moment values were calculated
with the following equation:

𝑀 = 𝐸𝑝 𝐼𝑝 ×

𝑑2𝑦
𝜀
1 (𝜀𝑡 + 𝜀𝑐 )
= 𝐸𝑝 𝐼𝑝 × = 𝐸𝑝 𝐼𝑝 ×
2
𝑑𝑧
ℎ
ℎ
2

(5-1)

Where: 𝐸𝑝 =young’s modulus, 𝐼𝑝 =second moment of area of hollow pile section, y = lateral pile
displacement, z = distance between the maximum compression or tensions gauges to the neutral axis
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of bending, h = half the pile diameter, and 𝜀 = average strain between the maximum tension strain,
𝜀𝑡 and maximum compression strain, 𝜀𝑐 . To obtain an approximate fitted equation to describe the
experimental bending moment, a method by Nip and Ng was utilized.

The method starts by

assuming that the soil reaction behavior can be described by a fourth order polynomial.

Utilizing

simple beam theory, the equation for soil reaction can be integrated once to produce the shear force
equation, a second time for bending moment, and a third for rotation, producing the following
equations:

Soil Reaction:
Shear Force:
Bending Moment:
Rotation:

𝑧𝑖

∑(
𝑧0

−(𝑎𝑧 4 + 𝑏𝑧 4 + 𝑐𝑧 4 + 𝑑𝑧) = 𝑃𝑧

(5-2)

𝑎𝑧 5 𝑏𝑧 4 𝑐𝑧 3 𝑑𝑧 2
+
+
+
+ 𝐹0 = 𝑉𝑧
5
4
3
2

(5-3)

𝑎𝑧 6 𝑏𝑧 6 𝑐𝑧 5 𝑑𝑧 4
+
+
+
+ 𝐹0 𝑧 + 𝑀0 = 𝑀𝑧
30
20
12
6

(5-4)

𝑎𝑧𝑖 6 𝑏𝑧𝑖 6 𝑐𝑧𝑖 5 𝑑𝑧𝑖 4
∆𝑧
+
+
+
+ 𝐹0 𝑧𝑖 + 𝑀0 ) ×
= 𝜃0
30
20
12
6
(𝐸𝑝 𝐼𝑝 )

(5-5)

Where: a, b, c, and d are constants, z = depth below ground surface, 𝑃𝑧 = soil reaction at depth z, 𝐹0
= applied lateral force, 𝑉𝑧 = shear force at depth z, 𝑀0 = moment at ground surface, and 𝑀𝑧 =
moment at depth z. To obtain the rotation equation, bending moment was integrated discretely with
a Riemann’s sum starting at 𝑧0 , the depth at which moment, shear force, and soil reaction all equal
zero and adding upwards to ensure that the pile rotation equals zero at the depth of fixity.

Integrating
18

continuously, starting at the ground surface produces an incorrect rotation equation with a minimum
rotation at the top of the pile and a maximum rotation at depth 𝑧0 .

Four boundary conditions can be assumed: the rotation at the pile head is zero, the soil reaction at the
pile head is zero, shear force is equivalent to the measured load cell value, and bending moment is
equal to the applied lateral force multiplied by the distance above the ground surface the force is
applied. When the boundary conditions are applied to equations (5-2, 5-3, 5-4, 5-5), a system of
linear equations are produced in which the constants a, b, c, and d can be solved for.

(

−(𝑎𝑧0 4 + 𝑏𝑧0 3 + 𝑐𝑧0 2 + 𝑑𝑧0 ) = 0

(5-6)

𝑎𝑧0 6 𝑏𝑧0 6 𝑐𝑧0 5 𝑑𝑧0 4
+
+
+
= −(𝐹0 𝑧0 + 𝑀0 )
30
20
12
6

(5-7)

𝑎𝑧0 5 𝑏𝑧0 4 𝑐𝑧0 3 𝑑𝑧0 2
+
+
+
= −𝐹0
5
4
3
2

(5-8)

𝑎𝑧0 6 𝑏𝑧0 6 𝑐𝑧0 5 𝑑𝑧0 4
∆𝑧
∆𝑧
+
+
+
= 𝜃0 − (𝐹0 𝑧0 + 𝑀0 ) ×
)×
30
20
12
6
(𝐸𝑝 𝐼𝑝 )
(𝐸𝑝 𝐼𝑝 )

(5-9)

Plugging the constants into equations (5-6) and (5-8) and gives the soil reaction and moment for the
pile.

Lateral displacement can now be solved by discretely integrating the moment equation twice.
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6.1

INCREMENTALLY LOADED PILES

Figure 11 shows the strain profile for pile 2. The maximum strain increased with each load step.
Straining in the pile was observed down to a depth of 4 meters.

Below 4 meters, complete pile

fixity was exhibited. There were some issues with instrumentation outputs, causing abnormalities
in some of the strain readings, giving the curves some sharp edges.

Load cell readings were not

recorded at the 60 kN load step.

(a) P2 towards P1

(b) P2 towards P3

Figure 11. Depth vs Strain of driven piles with incremental loading

The bending moment profiles in Figure 12 follow the same general shape as the strain profiles.
Maximum moment occurred at a depth of approximately one meter. With each increasing load step,
the active length of the pile increased.

Maximum moment increases linearly with each load step.

At greater depths, the moment in the pile is dissipated. Very similar results were observed between
P2 loaded towards P1 and P2 loaded towards P3.

The moment at a depth of zero is equivalent to

the force applied times the height at which they were applied.
20

(a) P2 towards P1

(b) P2 towards P3

Figure 12. Depth vs Moment of driven piles with incremental loading

In Figure 13, the lateral displacement profiles for P2 are shown. Displacement increases with load
and maximum displacement occurs at the top of the pile. Displacement approximately doubles as
load doubles.

Increasing the load step increases the amount of the pile which sees displacements.

(a) P2 towards P1

(b) P2 towards P3

Figure 13. Depth vs Lateral Displacement (Y) with incremental loading
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The soil reaction of the pile exhibits double bending due to the fact that the bottom of the pile is fixed
but the top is free to rotate. The inflection point, the point where the soil reaction equals zero, is at
a depth of approximately one meter. This is the same depth where the maximum bending moment
of the pile is located.

It can be inferred that at one meter below the ground surface, the contribution

to overall stiffness is coming from the pile and not the soil.

Since the activation length increases

with each load step, there isn’t a consistent increase in soil reaction at each depth. This can be
visualized at depths of 0.75 m to 1.5 m. This is most likely from how soil reaction curves were
calculated and does not completely capture the true behavior of the soil.
should increase with load at every single depth.

In theory, the soil reaction

This has consequences on the subsequent P-Y

curves shown in Figures 15 and 16.

P-Y curves plot soil stress against lateral displacement. The curves are typically nonlinear.

The

P-Y curves for P2 were created from the maximum lateral displacement for the five load steps that
were applied. As a result, the curves take on a generalized non-linear shape, but the behavior of the
soil could have been better visualized had more data points been obtained.

When looking at the P-

Y curve for P2 towards P3, there is a significant drop in soil stress at greater displacements. This
drop is due to the inaccuracies produced from the soil reaction curves.

Most likely, the true shape

of the curve would show a leveling off at maximum displacement or a slight increase.
22

(a) P2 towards P1

(b) P2 towards P3

Figure 14. Depth vs Soil Reaction of driven piles with incremental loading

(a)

(b)
Figure15. P-y curve for P2 towards P1
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(a)

(b)
Figure 16. P-y curve for P2 towards P3

6.2

PILES INITIALLY LOADED WITH 60 kN

Figure 17 shows the strain profiles for the piles loaded initially to 60 kN.
at a depth of one meter, the same as the incrementally loaded piles.
of the pile was the same for each load step.

Maximum strain presented

For these piles, the active length

Below depths of four meter, there was complete fixity.

It can be assumed that the active length does not increase due to gapping effects.

The strain profile

for the initial 60 kN load is almost identical to the end 60 kN load. For P6, some of the strain gauges
malfunctioned at a depth of around one meter, causing a sharp looking curve as opposed to the smooth
ones in the P5 profiles.

For loading between 5 kN and 40 kN, there is a constant, linear increase in

maximum strain, indicating stiffness contributions from the pile.
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(a) P5 towards P4

(b) P5 towards P6

(c) P6

Figure 17. Depth vs Strain of driven piles with initial loading of 60 kN

The bending moment profiles in figure for piles P5 and P6 are all almost identical.

This aligns

with the CPT logs that showed similar soil properties for all of the piles. Maximum utilization of
the piles occurs at around 1.25 m of depth.

(a) P5 towards P4

(b) P5 towards P6

(c) P6

Figure 18. Depth vs Moment of driven piles with initial loading of 60 kN
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The soil reaction curves in Figure 19 for piles initially loaded to 60 kN differ from the incrementally
loaded piles in that the activation length remains constant for each load step. This is because active
length is dependent on gapping.

The initial 60 kN load creates a gap between the pile and the

surrounding soil such that all subsequent loads rely mainly on the pile for stiffness.
there is a consistent increase in the soil stress with each increase in load step.

At each depth,

In comparison, the

soil reaction curves in Figure 14 show only the profile for the first initial 60 kN load at various
intervals.

These curves are more reflective of the incrementally loaded piles where the active length

increases with increasing load. To summarize, when P5 and P6 were initially loaded to 60 kN, the
active length increased with the load, implying a stiffness contribution from the pile and the soil.
After the release of the load, all further loading did not change active length of the pile because of the
previous displacement and gapping of the soil, leading to a stiffness contribution from only the pile.

The P-Y curves in Figures 21, 23, and 25 show nonlinearity for the first loading step, and then a
constant increase in stress with displacement. The visual differences in stress between the first 60
kN loading and all subsequent loads can be interpreted as the effect of gapping. Overall, the P-Y
curves show a trend of greater soil stiffness for the first load and less stiffness for all subsequent
loads. The linearity in all subsequent loads is reflective of the linear elastic stress-strain behavior of
steel.

This means that gapping effects keep the pile away from the soil so that stiffness is mostly
26

attributed to the pile. There is a lot of variance between the P-Y curves, which does not respond to
the consistency found in the CPT logs. Based on the CPT logs, it is expected that the P-Y curves for
all the piles follow a similar path.

It should be realized that soil reaction curves are theoretical,

mathematical models and that they are not true representatives of the actual soil stress.

All

interpretations of the P-Y curves should be considered with skepticism.

(a) P5 towards P4

(b) P5 towards P6

(c) P6

Figure 19. Depth vs Soil Reaction of driven piles with initial loading of 60 kN
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(a) Soil Reaction vs Depth

(b) Lateral Displacement (y) vs Depth

Figure 20. Soil reaction and lateral displacement for the initial 60 kN load of P5 towards P4

(a)

(b)
Figure 21. P-y curve for P5 towards P4

(a) Soil Reaction vs Depth

(b) Lateral Displacement (y) vs Depth

Figure 22. Soil reaction and lateral displacement for the initial 60 kN load of P5 towards P6
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(a)

(b)
Figure 23. P-y curve for P5 towards P6

(a) Soil Reaction vs Depth

(b) Lateral Displacement (y) vs Depth

Figure 24. Soil reaction and lateral displacement for the initial 60 kN load of P6
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(a)

(b)
Figure 25. P-y curve for P6
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CONCLUSION

This project started as a summer internship at the University of Auckland.

All pile testing was

conducted the year before I had arrived, and I was tasked with creating graphs and figures to analyze
the data that had been produced during testing.

It was a long, sometimes monotonous task. One

summer was not enough time to complete all the work and it carried over to the school year and
became my senior project.

Lucas Hogan, a Cal Poly alumni and current senior lecturer at the

University of Auckland, organized my trip to New Zealand and oversaw all the work I completed
while there and while at Cal Poly, regarding the project.

He was of tremendous help to me and I am

truly grateful for all the time he has set aside to help me with this endeavor.
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Over this past year, I was able to increase my Matlab skills. I learned a lot about formatting graphs
and figures in Matlab.

I also created new code to properly handle and solve problems regarding the

pile data. This was my favorite part of the experience because I really got to test the skills I had
learned in the classroom and apply them to a real problem.
academic papers are formatted and written.

I also learned much more about how

I have a better understanding now of the research

process and the time, work, and coordination, sometimes across a 17 hour time zone difference,
required to complete a project.

I also expanded my knowledge of deep foundation piles. Going into the project, I knew the basics
behind designing foundations, but had little knowledge about soil analysis.
now for the work of geotechnical engineers.

I have a lot more respect

I think the Architectural Engineering program at Cal

Poly, along with the structural engineering industry, tends to value what happens above ground more
than what happens below ground. However, soil properties can have huge impacts on above ground
design. Ground connections are not truly fixed. We saw lateral displacements of the pile down to
a depth of four meters.

In reality, deep foundation connections to the ground are somewhere in

between being fixed and pinned. This impacts the amount of demand that is seen at the bottom or
top of a building.
31

While I’ve learned many things from this project, the greatest thing that I have taken away is that the
time and dedication that we devote to something is what truly makes it special. This project has
been a great process, and I am thankful for the challenges and the amazing experience that comes
from accomplishing what I thought was impossible.
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10 APPENDIX

The following are Powerpoint slides that correspond to the report.
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